In goats, during the puerperal period, a lack of energy is one of the most frequent causes of sudden metabolic changes and the consequent reproductive disorders. The aim of our study was to assess the influence of the body condition on the serum profile of metabolites such as: total proteins (TP), albumin (ALB), triglycerides (TG), cholesterol (CHOL), glucose (GLU) and β-hydroxybutirate (BHB) in Boer goats during late pregnancy (Day 120), at parturition (Day 0) as well as on Days 30 and 60 after parturition. A total of 15 female Boer goats (does), from a commercial farm in north western Croatia were used. The body condition status of the goats was established using the standard protocol for scoring. Based on the body condition score (BCS), each doe was categorized into one of three groups: group 1 (n = 5) or obese does with BCS ≥3.50-5.00, group 2 (n = 5) or medium does with BCS ≥2.75<3.50 and group 3 (n = 5) or thin does with BCS <2.75. The concentrations of serum TP, ALB, TG, CHOL, GLU and BHB were measured spectrophotometrically. On Day 120 of pregnancy the level of TG was significantly higher (P<0.05) in the obese does than the medium does. The levels of TP or CHOL were significantly higher (P<0.05) in the obese than in the thin does on Day 30 and Day 60, respectively, following parturition. The recorded changes in the metabolites tested could be of significance for monitoring the metabolic status of goats during intensive production, and of practical interest for preventing/controlling economic losses in goat breeding.
Introduction
In general, goats are seasonal, polyestric animals in parts of the World with a continental climate, which means that they have regular ovarian cyclic activity only in certain seasons of the year. However, in tropical areas goats have regular cyclic activity throughout the entire year (DELGADILLO et al., 2004) . In these cases, temperature, precipitation and vegetation availability are more important than photoperiod (HAMBOLU and OJO, 1985) . When a breed of goats from a moderate continental climate is introduced into tropical areas, after a certain period of time they have regular cyclic activity in the new climate (ZARROUK et al., 2001) .
It has been assumed that Boer goats may kid three times in two years in areas with a moderate climate due to the fact that they originated from the southern hemisphere. Namely, they still have native characteristics from their primary habitat in southern Africa, such as regular cyclic activity with the peak of sexual activity in autumn and with the decreased sexual activity in late spring and midsummer (GREYLING, 1990) . It has been recognized that almost 30 years after the introduction of Boer goats in Europe, and assuming that their climatic adaptation ended during that period, this breed is showing characteristics of seasonal polyestric activity (ĐURIČIĆ et al., 2008; ĐURIČIĆ et al., 2012) . The duration of pregnancy in goats is biologically variable and genetically inherited, but it is on average 150 days. The period of pregnancy is influenced by genetics and breed, as well as paragenetic factors such as: nutrition, nursing, management, climate, season, number of foetuses etc. (SAMARDŽIJA et al., 2010) . According to GREYLING (1990) , pregnancy in Boer goats in South Africa was 148.2 ± 3.7 days, whereas in Croatia it is almost the same (148.36 ± 0.86 days) (ĐURIČIĆ et al., 2009) . In contrast to the dairy goat breeds, for whom it is desirable for lactation to be prolonged as much as possible, in Boer goats, which are a meat breed, the kids are of main economic interest to the farmer. Thus, the main interest of intensive production of Boer does is shortening the inter-kidding period so that the animals conceive as soon as possible after kidding (ĐURIČIĆ et al., 2008) .
For proper nutrition and management procedures, goat breeders have accepted body condition scoring (BCS; ranging in scale from 1 to 5) as an effective and simple method to help them maintain and improve productive/reproductive efficiency in their flocks. Factors that may influence BCS, besides nutrition, are: genotype, breed, age, sex, physiological status and environmental conditions (SAMARDŽIJA et al., 2013) . After kidding and during lactation, it is expected that BCS may be reduced. In ideal farming conditions, BCS should never decrease below 2, and should never increase close to 5 (SANTUCCI et al., 1991) .
The relevant indicators of the physiological status of goats in intensive production are their serum biochemical parameters, which may change depending on the following factors: breed, sex, age, nutrition, physiological conditions (pregnancy and lactation), and the influence of disease, stress and seasonal climatic variations (KHALED et al., 1999; ZUMBO et al., 2007; BANI ISMAIL et al., 2008; TSCHUOR et al., 2008; TANRITANIR et al., 2009; TURK et al., 2012) . Changed levels of specific serum biochemical parameters may indicate not only the appearance of disorders or pathological conditions, but also induce feedback signals to the hypothalamus-pituitary-ovaries axis regarding alterations in metabolic status. Thus, precise measurement of metabolic parameters are of importance for an explanation of the possible effects of a disturbed metabolism on the cyclic activities of the ovaries in ruminants during the puerperium (OPSOMER et al., 1999; TURK, 2011) .
For the proper reproductive efficiency of small ruminants, a positive energetic balance, characterized by deposition of energy in fat tissue in the form of lipids, is of crucial importance (MORA et al., 2007) . On the other hand, when the energy status of goats is negative, the animals mobilize their fat depots and consequently lose body weight and condition (MENDIZABAL et al., 2011) . This negative energy status, as well as underfeeding, suppress the pulsatile release of GnRH from the hypothalamus (ZULU et al., 2002) which delays the return of ovarian cyclic activity (DE VRIES and VEERKAMP, 2000; TURK et al., 2011; TURK et al., 2013) . Namely, as soon as the regular ovarian cyclic activity is re-established, with visible signs of oestrus, goats may become pregnant earlier.
The aim of our study was to assess the influence of body condition on the serum profile of metabolites, such as: total proteins (TP), albumin (ALB), triglycerides (TG), cholesterol (CHOL), glucose (GLU) and β-hydroxybutirate (BHB) in Boer goats during late pregnancy (Day 120), at parturition (Day 0) as well as on Days 30 and 60 after parturition.
Materials and methods

Animals and BCS categorization.
A total of 15 Boer does were used, aged between 2 and 7 years from a commercial farm (N 46° 04' 30'' and Longitude E 17° 05' 74'') in north western Croatia. The does were housed in individual boxes at a single breeding facility, managed and fed a diet according to the rearing technology of the farm. Bucks and does were serologically negative to brucellosis (Brucella melitensis), and coprological examinations were also negative. All does were kept together with their kids until weaning at the age of 3 to 4 months. At the beginning of the study the body condition status of the experimental does was established using the standard protocol for scoring, in accordance with a scale from 1 to 5. On the basis of the body condition score (BCS) obtained, each doe was categorized into one of three groups (5 goats in each group): group 1 or obese does with BCS ≥3.50-5.00, group 2 or medium does with BCS ≥2.75<3.50 and group 3 or thin does with BCS <2.75.
Feeding. According to the standard farming practice, the does had free access to good quality meadow hay (approximately 2.2-2.5 kg daily per animal), drinking water ad libitum and were fed twice a day with a concentrate mixture of either 0.60 kg during late pregnancy or 0.90 kg during lactation/animal/day, respectively. The concentrate during the pregnancy comprised 42% corn, 16% soybean meal with 44% crude protein, 15% oats, 15% barley, 9% wheat flour and 3% mineral and vitamin supplements for goats. The chemical composition of the concentrate during lactation was: 87.44% dry matter, 17.06% crude protein, 4.96% crude fibre, 7.38% ash, 3.10% crude fat, 1.32% calcium, 0.57% phosphorous as well as vitamins A 15000 IE, D 1980 IE and E 30 mg and minerals, such as Zn 180 mg, Fe 60 mg, Mn 120 mg, Co 0.60 mg, I 3.0 mg and Se 0.65 mg.
Blood sampling and serum biochemistry. Blood sampling was performed by v. jugularis puncture using a vacutainer on Day 120 of pregnancy, at birth (Day 0) and on Days 30 and 60 following parturition. The samples were kept for approximately 1 hour at room temperature and centrifuged at 700 g for 15 min. The sera were separated and stored at -20 °C until analysed. In the obtained blood serum, the concentrations of glucose (GLU), total proteins (TP), total cholesterol (CHOL), triglycerides (TG) and β-hydroxybutyrate (BHB) were determined by the standard spectrophotometric methods, using commercial kits (Olympus Diagnostica GMBH, Hamburg, Germany) on an Olympus AU 600 analyser.
Statistical analyses. The obtained data were statistically analysed by ANOVA using the program Statistica 12 (StatSoft, Dell, USA). Normal distribution of analysed data was validated by the Kolmogorov-Smirnov and Shapiro-Wilk tests. After that, one way ANOVA was performed in order to determine the significance of differences between the experimental parameters obtained from the three groups of does within the period of late pregnancy (Day 120), immediately after birth (Day 0), and on Days 30 and 60 following parturition. Corrections were determined between the experimental parameters. Also, the relationships were determined between the data on biochemical parameters within the groups of does, as well as their correlative associations. Differences between the experimental parameters were considered statistically significant at P<0.05.
Results
The values obtained for serum biochemical parameters, i.e. metabolites TP, ALB, TG, CHOL and GLU and BHB, in Boer does categorized by BCS into three groups (obese, medium or thin) were determined on Day 120 of pregnancy (Table 1) , immediately after birth (Day 0; Table 2 ), as well as on Days 30 and 60 following parturition (Table 3 and  Table 4 , respectively).
On Day 120 of pregnancy the level of TG was significantly higher (P<0.05) in the does from Group 1 than that in Group 2 (Table 1 ). There were no differences in the levels of the tested biochemical parameters between BCS-categorized Boer does on Day 0 of the experiment, i. e. immediately post-partum ( Table 2 ). The levels of either TP or CHOL were significantly higher (P<0.05) in the does from Group 1 than those in Group 3 on Day 30 and Day 60, respectively, following parturition (Table 3 and Table 4 ).
Changes in the levels of serum biochemical parameters in these Boer does, categorized by BCS into three groups during the experimental period from Day 120 of pregnancy to Day 60 following parturition, were observed for TG (Fig. 1) , TP (Fig. 2) and CHOL (Fig. 3) . The level of TG obtained in Group 1 on Day 120 following parturition was significantly higher, at P<0.05, than that in Group 2 (Fig. 1) . The level of TP obtained in Group 1 on Day 30 following parturition was significantly higher, at P<0.05, than that in Group 3 (Fig. 2) . The level of CHOL obtained in Group 1 on Day 60 following parturition was significantly higher, at P<0.05, than that in Group 3 (Fig. 3) . Serum biochemical parameters (Mean ± SD) 
BCS -categorized does:
Serum biochemical parameters (Mean ± SD): Serum biochemical parameters (Mean ± SD) Serum biochemical parameters (Mean ± SD) 
Discussion
In intensive dairy goat production, the loss of body condition is a common problem, particularly at the peak of lactation. Unlike dairy goat breeds, Boer goats are very well adapted to survive in the nutrition deficient conditions of its indigenous habitat (ERASMUS, 2000; MALAN, 2000) . However, in intensive production systems these goats are frequently over fed and tend to be obese due to their efficient deposition of body reserves (SAMARDŽIJA et al., 2013) . The nutritional strategy in goat breeding has to be based on the production goal, the availability of feed and the specific nutritional requirements of particular breed (BARBOSA et al., 2009; LÉRIAS et al., 2015) . Meat producing goats should be fed intensively during critical breeding phases, such as mating, pregnancy and early lactation (MIOČ and PAVIĆ, 2000) . In order to increase the index of kidding, during the breeding season breeding goats should be in "reproductive" body condition, i. e. they should have a medium BCS, neither too thin nor obese (MENDIZABAL et al., 2011) .
The average values of serum biochemical parameters were within the physiological ranges for Boer does during the experimental period. According to does had the highest level of TP at the beginning of lactation. KRAJNICAKOVA et al. (2003) determined levels of TP ranging from 65.00 ± 3.16 to 71.79 ± 2.83 g/L during puerperium in dairy does, which were slightly lower levels than in the Boer does determined in our study. We established that the values of TP were the highest in the group of obese does, but they were only significantly different (P<0.05) from the group of thin does on Day 30 of lactation. In our study the levels of serum ALB and GLU did not differ significantly between the BCS-categorized does before and after parturition.
Despite the significant differences in TP level between does from group 1 and group 3, we did not find any significant differences between all the three groups of BSCcategorized does in levels of ALB. It is likely that such an increase in serum TP level could be associated with an increase in the quantity of globulin fraction within TP, which could be induced by inflammatory response and/or by stress in group 3 does on Day 30 following parturition.
The levels of TG were not significantly different in the serum of pregnant and nonpregnant Saanen goats in Turkey (SERIN et al., 2010) . The Boer goats had a significantly higher level of TG than dairy goats during puerperium (ĐURIČIĆ et al., 2008) . NAZIFI et al. (2002) determined serum concentrations of TG in clinically healthy goats ranging from 0.11 ± 0.03 mmol/L to 0.22 ± 0.04 mmol/L, which is much lower than in our study. CASAMASSIMA et al. (2007) reported that the values of TG were the same during late gravidity and early lactation in Montefalcone goats in Italy, which is different from our findings in Boer goats, that had higher levels in late pregnancy than in early lactation. Also, the level of TG was significantly higher on Day 120 of pregnancy in the obese does in comparison to the medium does. This could be explained by the fact that obese does have physiologically higher levels of serum TG due to excessive intake of fats, and/or metabolic disorders caused by alterations in liver and/or pancreas function. KANEKO et al. (2008) established a physiological range of total CHOL in the blood serum of goats from 2.07 mmol/L to 3.36 mmol/L. Slightly lower values of CHOL (2.06 ± 0.43 mmol/L to 2.75 ± 0.01 mmol/L) were recorded in dairy goats during puerperium KRAJNICAKOVA et al. (2003) . BARBOSA et al. (2009) found similar values for total CHOL in the first eight weeks after parturition: 2.83 mmol/L for the thin goats, 2.16 mmol/L for the medium goats and 2.19 mmol/L for the obese goats. In our study, the levels of CHOL were higher in obese does during late pregnancy, after parturition and during lactation, which is in contrast to data reported by BARBOSA et al. (2009) .
The body condition did not influence the energy status of the Boer does during the peripartum period, which could be seen from the levels of GLU and BHB, that were not significantly changed either before and after parturition, or between the BCS-categorized groups of does. However, the levels of BHB, which were rather low on Day 120 of pregnancy in all three groups of does, increased immediately after parturition, but not significantly, and then substantially returned to lower values on Day 30 and Day 60 following parturition.
The values of BHB in the blood serum of dairy goats (French-alpine breed) were twice as high in thin goats than in medium and obese goats after parturition (BARBOSA et al., 2009 ). However, we found BHB values twice as high in the Boer does categorized as medium in comparison to the thin and obese does (1.08 mmol/L vs. 0.40 mmol/L and 0.54 mmol/L), respectively, but these differences were not significant. According to our previous findings of BHB levels in Boer goats kept and fed under the same conditions , we assumed that BHB values would not differ from our previous results during pregnancy and puerperium. We confirmed this in the current study.
After parturition, during the period of lactation, the needs for energy and macroand microelements in goats are increased in relation to the quantity and quality of milk, which in turn reduces body weight and body condition . The level of GLU in the blood serum of goats suddenly decreases after parturition, and then substantially increases until the end of lactation (HUSSAIN et al., 1996) . The latter finding is in agreement with our data on GLU levels before and after parturition. According to KANEKO et al. (2008) blood GLU values in goats range from 2.74 mmol/L to 4.18 mmol/L. Lower values of GLU in blood serum were reported by ANTUNOVIĆ et al. (2006) for dairy goats raised in organic production, goats kept on pasture, and goats fed low energy feed (McDOUGALL et al., 1991; KHALED et al., 1999; ŽUBČIĆ, 2001) . The concentration of GLU was found to be higher in dairy goats which were not in lactation, in comparison to lactating dairy goats (PAMBU-GOLLAH et al., 2000) as well as to meat breeds of goats (ĐURIČIĆ et al., 2008) . Immediately after parturition BARBOSA et al. (2009) higher levels of GLU than physiological levels, in the blood serum of goats. However, the level of GLU was lower in the medium than in the thin and obese does. In our study, the Boer does categorized as medium and thin had higher levels of GLU after parturition, and these were higher than physiological values, in contrast to the obese does, which had the GLU levels within the physiological range.
Altogether, it may be concluded that body condition had an impact on serum levels of TP, TG and CHOL, which could be seen to reflect either a decrease in feed intake in the does categorized as thin, or an increase in feed intake in the does categorized as obese.
The analyses of serum biochemical parameters tested in does from late pregnancy, at parturition and during the period of lactation may contribute to a better understanding of the metabolic changes in Boer does before and after parturition regarding their body condition. Also, such analyses may be of significance for monitoring the metabolic status of goats during intensive production, and could be of practical interest for improvement of goat breeding, as well as for preventing/controlling economic loses in food animal production.
